We sought to determine whether race or ethnicity is independently associated with mortality or intensive care unit length of stay among critically ill patients after accounting for patients' clinical and demographic characteristics including socioeconomic status and resuscitation preferences.
W hile there is a vast body of literature describing racial and ethnic differences in the use of healthcare services, quality of health care, and health outcomes in almost every field of medicine, relatively few studies have investigated racial and ethnic differences among critically ill patients (1) . Prior studies of critically ill patients have been limited by small sample sizes, inadequate risk adjustment, or a failure to examine underlying factors including socioeconomic status (SES) and end-oflife preferences that could shed light on why disparities in care and outcomes might exist (2) (3) (4) . Further, Hispanics, now the largest minority group in the United States, have not been included in most prior work examining racial and ethnic differences in outcomes among the critically ill.
The few studies that have examined racial differences in outcomes among critically ill patients have conflicting results. Williams et al (4) performed a study using data from 40 hospitals from 1988 to 1990 and found that fewer resources were used for critically ill black patients compared with white patients. White patients received more monitoring, laboratory testing, and more life supportive therapies compared with black patients. However, this study did not find significant differences in hospital mortality after adjustment for patient characteristics (4) . A recent study that examined outcomes of critically ill patients with acute lung injury found that black and Hispanic patients had a higher risk of death compared to white patients (2) . Possible explanations for these differing results include regional differences in care (5) , incomplete adjustment for SES (6, 7) , and severity of illness and failure to account for differences in end-of-life preferences (8, 9) . Importantly, there has been no study comparing risk-adjusted outcomes among critically ill minority and white patients that addresses these issues. Therefore, we sought to examine the association between race/ethnicity and hospital mortality and length of stay (LOS) in a diverse population of critically ill patients while taking into account severity of illness, do-not-resuscitate (DNR) status, and SES.
MATERIALS AND METHODS
We conducted a secondary analysis of a prospective cohort study using the California Intensive Care Outcomes (CALICO) dataset. The CALICO project was originally designed to both measure and compare hospital-specific intensive care unit (ICU) quality of care and efficiency (10) measures among California hospitals. Extensive information about patient demographics and clinical characteristics including severity of illness and DNR status was collected to compare three primary risk adjustment models commonly used for benchmarking of ICU mortality and ICU LOS: the Mortality Probability Model, the Simplified Acute Physiology Score, and the Acute Physiology and Chronic Health Evaluation model (11) .
Hospital Selection
All California hospitals with an ICU and at least 50 beds were sent a recruiting packet asking for their participation in the CALICO project. A network of 35 volunteer hospitals was then established through mailings and regional presentations. Hospitals that volunteered provided nurses for data abstraction.
Patient Selection
Data were collected between 2001 and 2004. Inclusion criteria were age Ն18 yrs and ICU stay Ն4 hrs. Patients with burns, trauma, or coronary bypass graft were excluded, since these conditions were not examined across all the risk adjustment models. Patients who had more than one ICU admission during a single hospitalization were included only once, and data were abstracted from the index admission (1) . We also excluded patients without hospital mortality information and those without linkable identifiers to California's Office of Statewide Health Planning and Development's patient discharge database (PDD), our primary source for race/ethnicity and SES. To decrease the burden of data collection among smaller institutions with fewer resources, the sample size at each hospital was a function of its annual ICU admissions (12) .
Data Collection
Data collectors underwent extensive training and automated software was used to block or query implausible data entry. Data collectors attended a training session, completed sample chart abstractions, and received feedback on their performance before starting data collection. Data abstraction was duplicated by auditors on a 5% random sample of patients with excellent inter-rater reliability (12) .
Hospital Sample Characteristics. We compared the hospital characteristics (i.e., number of beds, Joint Commission, Accreditation Council for Graduate Medical Education residency, medical school affiliation, ownership, and number of medical/surgical ICU beds) of our sample to all California hospitals with Ն50 hospital beds using the 2006 American Hospital Association survey.
Patient Demographic Characteristics. Race/ethnicity was assigned through linkage with the California Office of Statewide Health Planning and Development's PDD. Both race and ethnicity were obtained by the hospital via patient self-report upon presentation to the emergency department or at hospital admission (13) . The PDD classifies race/ethnicity into five mutually exclusive categories: white/ non-Hispanic, black/non-Hispanic, Hispanic, Asian/Pacific Islander, or Native American/ other. Patients reported as Hispanic were categorized as Hispanic regardless of race. Because the racial and ethnic composition of the group designated as Native American/other is unknown, and because the limited sample size of this population resulted in unreliable estimates, we limited our analysis to patients identified as white, black, Hispanic, or Asian ( Fig. 1 ).
SES was assessed using patients' ZIP codes from the PDD. Patients' ZIP codes were then geocoded and linked with socioeconomic variables from the 2000 U.S. census at the blockgroup level. Seven census variables were then used to create an index of SES that was developed and validated by Bonito et al (14) for the Agency for Healthcare Research and Quality. This index was created to separate the impact of SES from the effect of race/ethnicity. Based largely upon prior work from Krieger and colleagues (15) (16) (17) (18) , the index was derived from a principal components analysis of area-level census measures that are related to, or are proxies for, SES (15) . These measures include: 1) percentage of persons aged 16 yrs or older in the labor force who are unemployed and actively seeking work, 2) percentage of persons below the federally defined poverty line, 3) median household income, 4) median value of owner-occupied homes, 5) percentage of persons aged Ն25 yrs with less than a 12thgrade education, 6) percentage of persons aged Ն25 yrs with at least 4 yrs of college, and 7) percentage of households containing one or more person per room. The index can range from 0 to 100, with lower scores corresponding to a lower SES.
End-of-Life Preferences. We used an individual's DNR status as a measure of resuscitation preference. DNR status was assessed at hospital admission and was abstracted from the medical record.
Patient Severity of Illness. All patient-level clinical data and LOS were abstracted from the chart. We used these data to generate a summary estimate of the patients' severity of illness. Severity of illness estimates at ICU admission were assessed with the Acute Physiology and Chronic Health Evaluation IV (APACHE IV) Acute Physiology Score (APS) (9, 19) . Key factors included in the APACHE APS include vital signs (e.g., blood pressure and heart rate) and laboratory values measured during the first 24 hrs of ICU admission.
Insurance Status. Insurance status was categorized based on the expected source of payment (Medicare, Medicaid, private insurance [any], other [e.g., other government insurance], and uninsured [indigent, charity, no charge]) as recorded in the PDD.
Patient Outcomes. The primary outcome was in-hospital mortality. ICU LOS was a secondary outcome measured in days and truncated at 30 days to reduce the impact of outliers (4, 5).
Statistical Analysis
Characteristics of CALICO hospitals and all California hospitals were compared using chi-square and Wilcoxon rank sum tests. Demographic and clinical characteristics of the different race/ethnicity groups were compared using a chi-square or Fisher's exact test for categorical variables and an analysis of variance (ANOVA) or Kruskal-Wallis test for continuous variables.
To estimate the independent association between race/ethnicity and in-hospital mortality, we fit staged logistic regression models using hospital mortality as the dependent variable. Similarly, we used staged linear regression models to determine the independent effect of race/ethnicity on the continuous outcome of ICU LOS (10) . We included variables in the models if they were associated with race/ethnicity in the bivariate analyses (p Ͻ .20) or if they were considered clinically relevant on an a priori basis. The initial model included race, age, and gender. We then examined the effect of severity of illness by adding APS. In addition, we included admission type (medical admission, elective surgery, emergency surgery) since this may be an additional proxy for severity of illness. Because published reports have shown variation in DNR status and insurance status by race (20 -22) , and DNR status is known to be associated with an increased risk of death (23), we added DNR status to our model. Finally, we added SES index and expected source of payment to understand whether any effect of race/ ethnicity was independent of SES and insurance status. Random effects hierarchical logistic regression modeling was used to account for patient clustering at the hospital level for all multivariable analyses.
Length of Stay
Because recent studies have shown that minority patients receive more life-sustaining treatments at the end of life (24), they may have longer ICU LOS before death compared to white patients. We performed a subgroup analysis restricted only to those who died to determine whether there were any racial/ ethnic differences in ICU LOS among patients who died. In addition, to determine whether DNR status was a significant factor explaining the association between race/ethnicity and ICU LOS, we compared ICU LOS in two fully adjusted regression models, one including and one excluding DNR status.
Sensitivity Analysis
To evaluate whether race/ethnicity modified the effect of age, gender, severity of illness, SES, or DNR status on mortality, we evaluated possible interactions among these. The presence of interaction was assessed using the likelihood ratio test. An interaction was considered statistically significant if the p value was Յ.10, to ensure that clinically significant interactions were not overlooked. The institutional review boards of the University of California, San Francisco and the State of California approved the study. All analyses were performed using STATA 9.2 (StataCorp, College Station, TX).
RESULTS
The final study sample included 9,518 patients in 35 hospitals ( Fig. 1 ). There were no significant differences in hospital characteristics comparing CALICO hospitals to all California hospitals (12) . A total of 6,334 white, 655 black, 1,917 Hispanic, and 612 Asian/Pacific Islander patients were included in the sample. There were several significant demographic differences between the racial and ethnic groups ( Table  1) . White patients were the oldest on average and were more likely to be male. White patients were more likely to have Medicare or private insurance as the expected source of payment. Hispanic patients had the lowest SES index score and white patients the highest. Clinical characteristics also varied significantly between groups. Hispanic patients were most likely to have a comorbid condition. Black patients were most likely to have a medical admission while white patients were most likely to have an admission for elective surgery. Black patients had the most physiologic derangements at ICU admission, as measured by the APS. Black and Hispanic patients had the highest median ICU LOS. White patients were most likely to have a DNR advance directive at hospital admission. White patients were more likely to be discharged to a long-term acute care facility or skilled nursing facility.
Overall, crude hospital mortality was 15.9% among the entire cohort. Asian patients had the highest crude hospital mortality at 18.6% and black patients had the lowest at 15.0%. After adjusting for age and gender, Asian patients still had a significantly increased risk of hospital mortality compared to white patients (OR ϭ 1.37, 95% confidence interval [CI], 1.09 -1.72 Table 2 ), as did Hispanic patients (OR ϭ 1.40, 95% CI, 1.20 -1.62). After adjustment for APS and admission type, this increased risk of death for Asian and Hispanic patients was attenuated and was no longer statistically significant (Asian patients, OR ϭ 1.05, 95% CI, 0.78 -1.04, Hispanic patients OR ϭ 1.06 95% CI, 0.87-1.28). Further adjustment for DNR status, SES, and expected source of payment did not substantively change any of the point estimates and no racial/ ethnic group had a statistically significant higher or lower risk of death compared to white patients.
Overall the median ICU LOS was 2.0 days interquartile range ( Table 3 ). Further adjustment for APS and admission type, DNR status, SES, and expected source of payment attenuated this difference, making it no longer statistically significant (black patients ICU LOS ϭ 0.39 days longer, 95% CI, Ϫ0.01-0.79). None of the other racial/ethnic groups had a statistically significant longer or shorter ICU LOS compared with white patients.
When we performed an analysis of ICU LOS restricted only to those who died, the adjusted LOS was considerably longer for black patients compared to the other racial groups. In this subgroup analysis that adjusted for age, gender, APS, admission type, DNR status, SES, and expected source of payment, black patients who died averaged 1.1 additional days in the ICU (95% CI, 0.26 -2.6) compared to white patients who died. However, this was not a statistically significant difference. DNR status did not play a significant role in explaining this increased ICU LOS among black patients as the point estimate did not change significantly a Values are mean Ϯ SD or n (%), unless otherwise indicated; b Acute Physiology and Chronic Health Evaluation IV-predicted mortality and acute physiology score were measured at intensive care unit admission. 
Sensitivity Analyses
There were no significant interactions between race/ethnicity and age, gender, severity of illness, SES, or DNR status (p Ͼ .10 for all interaction terms). Accounting for patient clustering within hospitals using hierarchical analyses did not substantively change the point estimates or CIs for hospital mortality or ICU LOS.
DISCUSSION
Among this large, racially and ethnically diverse cohort of critically ill patients from California ICUs, we found no significant racial or ethnic disparities in hospital mortality after adjusting for patient characteristics including severity of illness, admissions type, SES, DNR status and insurance status. However, black patients had more acute physiologic derangements at ICU admission and had longer unadjusted ICU LOS. This longer ICU LOS among black patients seemed to be mediated primarily by acute severity of illness and SES.
A study by Yergan et al (25) performed in the 1980s demonstrated that racial/ ethnic minorities were significantly less likely to be admitted to the ICU compared with white patients who had the same diagnosis. Twenty years later, whether minorities are still less likely to be admitted to the ICU is unknown, but some aspects of our findings and other recent literature suggest that this issue may persist. Our observation that black patients have greater severity of illness with more physiologic derangements at ICU admission has been made by others, and suggests that there may be delays in ICU admission or delays in presentation to the hospital that are accounting for these differences (2, 26) . A recent study examining emergency department boarding times for patients admitted to the hospital showed that emergency department LOS was significantly longer for black patients admitted to ICU beds (27) . Our study revealed that black patients had longer unadjusted ICU LOS compared to white patients. That black patients have more physiologic derangements at ICU admission seems to explain part of this finding. An additional explanation involves the differences in LOS among patients who lived vs. those who died. A recent study showed that at the end of life, black and Hispanic patients having strikingly greater use of life-sustaining interventions, such as mechanical ventilation, dialysis, and gastrostomy tubes (24) . These differences may explain why we found a longer unadjusted ICU LOS among black patients in our study. In addition, racial and ethnic disparities in preventive care (28, 29) and management of chronic diseases (30, 31) increase the likelihood that minority patients will present to the hospital at more advanced stages of disease, resulting in fewer elective admissions and higher severity of illness. Improving access to and utilization of high quality primary care (32, 33) may be keys to eliminating these disparities in acute severity of illness.
Although minority patients in our cohort presented with greater severity of illness and had fewer elective admissions we did not observe racial or ethnic differences in mortality after adjustments for severity of illness. This suggests that despite possible disparities in care preceding ICU admission (e.g., decreased access to primary care, or lack of timely triage), once patients are admitted to the ICU their hospital mortality outcomes are similar. There have been very few large, multicenter studies examining outcomes by race/ethnicity across broad ICU populations. A 42-center U.S. study conducted from 1989 to 1990 found that, despite having more physiologic derangements at admission, critically ill black patients did not have a higher risk of death compared to white patients after adjustment for severity of illness (4) . Notably, investigators in this study did not adjust for SES or resuscitation status. Findings from our current study support and build upon these previous findings. Ours is among the first ICU studies to perform comprehensive adjustments for severity of illness, resuscitation preferences, SES, and insurance status. Further, no prior study has examined outcomes among Hispanics with a broad range of critical illnesses. In addition, although our cohort included only California hospitals, the hospitals are more diverse in size, ownership, and teaching status compared to the predominately academic and tertiary care hospitals included in prior studies. In sum, the hospitals included in our study are more representative of community hospitals where most Americans receive care.
We found that black patients had longer unadjusted ICU LOS compared to white patients, but after adjusting for severity of illness, source of admission, DNR status, SES, and insurance status there was no statistically significant difference in ICU LOS. Severity of illness seemed to be a significant contributor to this increased ICU LOS. Two prior studies examined the effect of race and ethnicity on LOS (4, 34) . The 1995 study by Williams et al (4) found that black patients had 0.32 day shorter ICU LOS compared to white patients after adjusting for severity of illness (APACHE II) and insurance status. A more recent study of patients from Project IMPACT did not reveal differences in ICU LOS comparing black and white patients (34) . Both of these studies utilized risk-adjustment methodologies that have since been updated, and did not adjust for end-of-life preferences, SES beyond insurance status, or account for within-hospital clustering.
That we found no difference in riskadjusted mortality among racial/ethnic groups is an encouraging finding that is somewhat unexpected, especially when contrasted with other recent studies that have found racial/ethnic disparities in outcomes in specific critical illnesses (2, 35) . By focusing on a specific disease process like acute lung injury within a more homogeneous ICU population, investigators have been able to elucidate greater detail about those diseases, including identifying racial and ethnic disparities in outcomes. In the case of acute lung injury and sepsis, there may be important processes of care, complications, or biological differences that may not be observed across a diverse set of medical and surgical conditions. Our objective was not to better define racial and ethnic differences in specific disease processes, but rather to determine whether there were racial or ethnic disparities in treatment or care among a population of general ICU patients.
There are several possible reasons why we did not find racial or ethnic differences in mortality among this cohort of ICU patients. First, the hospitals included in the CALICO project volunteered to participate because they were interested in receiving information about the quality of their ICU care. Therefore, these hospitals may have been more focused on providing high quality care to critically ill patients than nonparticipating hospitals. Prior studies illustrate that the quality of care provided in a hospital is associated with the racial/ethnic makeup of its patients. Hospitals that care for high proportions of black patients tend to provide lower-quality care to all racial/ethnic groups (36) . By only including hospitals that are more likely to provide high quality of care in our analysis we may have reduced our ability to detect disparities. This hypothesis is supported by a number of recent studies demonstrating that many of the differences in care or outcomes for black patients are explained by the quality of care provided by the hospitals with high proportions of black patients compared to hospitals with low proportions, rather than differential treatment by race inside a given hospital (37, 38) . Second, because there is significant regional variation in the quality of hospital care provided in the United States (5) , and our study was limited to hospitals in California, the variability in quality of care among these hospitals may have been too small to detect differences.
While our study included one of the largest and most diverse cohorts of ICU patients to date, our study may have been underpowered to detect small, but clinically important differences in mortality. The 95% CIs include the possibility that there is up to 22% increased odds of death among black and Hispanic patients and a 57% increased odds of death among Asian/Pacific Islander patients. In addition, as with any administrative source of data, there is potential for misclassification of race/ethnicity. Most likely this misclassification is nondifferential, which would bias results toward the null. The degree of misclassification in the California PDD has not been well characterized, although a prior study reported a high degree of accuracy when compared with death records (39) .
CONCLUSIONS
In contrast to other studies that have investigated health outcomes among different racial and ethnic groups, our study is encouraging in that we did not find any significant differences in mortality or ICU LOS between white and minority ICU patients. Despite this, it still appears that minority patients who are admitted to the ICU have more acute physiologic derangements. This could be due to delayed presentation to the emergency room, delay within the hospital, or disparities in preventive and chronic care. Our results suggest that, among ICU patients, there may not be racial or ethnic differences in mortality within individual hospitals, but rather that disparities in treatment and care may be explained by the quality of care provided by specific hospitals. Future research should address the reasons for differences in health status immediately before ICU admission. A study that includes a broad spectrum of hospitals from every region of the United States will be necessary to adequately address the question of whether racial and ethnic disparities in mortality exist among ICU patients.
